Introduction
The general principles of the separation of iron and manganese in exogenic processes have been discussed by Krauskopf (1957) and Hem (1963 Hem ( , 1964 ; recently they have been discussed by Koljonen and Carlson (1975) and Vasari et al. (1972) in the context of Finland.
In Finland, Fe and Mn in oxidized form are Fig. 1 . The most common types of manganiferous and ferruginous precipitates found in sorted sediments in Finland. The type, probable origin, and occurrence are set out in Table 1 . The drawings are simplified sketches taken from color photographs (cf. . Symbols: 1. Sand; 2. Stratified sand; 3. Sand and gravel; 4. Stratified sand and gravel; 5. Gravel and pebbles; 6. Till or till-like poorly sorted material; 7. Fe-precipitate (light) and Mn-precipitate (dark) .
commonly precipitated as: lake and bog ore (cf. Halbach 1976; Koljonen and Carlson 1975) ; Fe-rich B horizon in podzolic soils (cf. Aaltonen 1941; Jauhiainen 1969 Jauhiainen , 1973 ; Mn-rich podzols in the Arctic Regions of Norway and Finland (under study); pigment on mineral grains in sorted, especially glaciofluvial sediments (this paper); spotted precipitate in gleyed soils, and concretions in humus-rich silty clay (cf. Alhonen et al. 1975) .
Occurrence of manganiferous and ferruginous precipitates in sand and gravel deposits
Iron and manganese precipitates are found in sand and gravel, and are frequently uncovered when the material of eskers, deltas, and sandurs is utilized. Fe-rich precipitates are much more common than Mn-rich throughout Finland.
The most common types of precipitates are set out in Fig. 1 and Table 1 . The Mn-rich types a, b, f, h, and j are found in the esker studied and the others occur elsewhere.
A case history of precipitates in an esker at the rural commune of Heinola

Description of the site
Numerous Mn-Fe-rich precipitates are found on the walls of gravel pits between the ponds Vähä Samjärvi and Kokkalammi, a few kilometers N of the town of Heinola (Fig. 2) . The gravel pits are situated in a radial esker sequence extending southward from Lusi, a village about 10 km N of Heinola, to the Second Salpausselkä, a great ice-marginal formation formed about 10 300 years ago. Sometimes several parallel fragmentary esker ridges occur in the trenches of the bedrock. Ponds and small bogs fill some of the depressions which formed when the blocks of 8 ice buried in sediments melted, causing the sediments to collapse.
Consequently, the morphology of the esker is irregular and discontinuous.
The esker studied here is composed mostly of glaciofluvial sand and sandy gravel with stony intercalations. As the esker material has been utilized, numerous manganiferous and ferruginous precipitates have been exposed on the walls of the pits.
The surficial deposits of the investigated site have been mapped in detail and the positions of the upper limits of horizontal or gently dipping precipitate horizons have been levelled and plotted in profiles (Figs. 2 and 3). The evaluated original contour of the esker and the location of the groundwater table before exploitation are also set out in the profiles. The gradient of the groundwater table between Vähä Samjärvi and Kokkalammi is about 2.4 % (13 m in 540 m). Between points 300 m and 360 m it descends steeply, and discharges issue from many places (cf. Fig. 6 ). At the end of August 1974 the discharge of groundwater from the bottom of the pits was from 6 to 9 liters per second near the point 350 m (Fig. 3 , longsection A-B).
The level of the groundwater table prevailing before the removal of gravel and sand has been estimated in Fig. 3 . Especially between 210-320 m, most of the precipitate stripes are situated near this former groundwater table. Late in the autumn of 1974, the water flow was dammed by earth near the point 330 m (see also Fig. 2 ). An artificial pond was formed and the water level rose several meters to the height at which oxidate precipitates are found.
The bedrock to the north is composed of granite, granodiorite, and gneiss (Lehijärvi 1970) . Because the movement of the continental ice sheet was from NW-N, silicic rocks with little Fe and Mn have the greatest influence on the lithology of the ridge material and the composition of the groundwater. Small occurrences of gabbroic and dioritic rocks to the south have no effect.
Podzolic soils prevail in the region, and near Vähä Samjärvi there lie small peat bogs at about groundwater level. These increase the content of low-polymerized organic acids in the soil and promote the disintegration of Fe-Mn-rich femic minerals. Groundwater in the soil is reducing before the acids are neutralized (cf. 
Oxidate precipitates
The samples represent the different types of precipitates found in the esker. Their chemical composition is set out in Table 2 , and that of ground-and surface-water samples in Tables 3 and 4. The samples are described in the tables. Mineral compositions as studied by X-ray diffraction are set out in Figs. 7-10.
The manganiferous material in samples 1, 2, 3 a, and 4 a is nearly black in color and is a pepper-like precipitate more or less loosely fixed on mineral grains. The layer is thickest in the depressions on grain surfaces and is usually much thinner at the edges. The ferruginous material in 3 b and 4 b is from brown (grains) to yellow-brown (powder) and of varying grain size. In both samples it appears as a loose layer or pigment on sand grains.
The volume of Mn and Fe precipitates is usually dependent only on the chemical composition of groundwater and lithological composition of esker material. When these elements are able to migrate in groundwater and are present in sufficient quantity for precipitates to form the most decisive factors are pH-Eh-conditions. When organisms are present only to a limited extent, the increase in pH--Eh alone determines the oxidation and precipitation.
Manganiferous precipitates are usually much harder than ferruginous ones. They harden sand and gravel into dark boulders slid into the bottom of the pits or as outstanding edges on the walls of pits or on rocks.
In numerous places, aged precipitates can be found more than 10 m above the recent groundwater level, in some cases much higher than ancient groundwater levels (Fig. 3) . The precipitates located near the recent groundwater level are young, having been formed during a period of several years when the water level in the esker has lowered as a result of excavations. The precipitates do not persist for prolonged periods in waterlogged sediment unless oxygen-rich percolating water is present.
Precipitates form in places where water flows fast or up to which groundwater seasonally ascends. In till and fine sand of low permeability there is more Fe than Mn, but Mn content increases in coarse sorted sediments where aeration is better. Fe is frequently found over large areas of eskers as dispersed pigment on mineral grains, whereas Mn, which is found much more rarely, is precipitated onto coarse material where water -1 slow oxidation of iron seems to be the case in the sediments studied here, but the sharp contacts of manganese precipitates low in iron point to a fast precipitation of manganese.
Precipitation in eskers from fast flowing groundwater cannot be brought about by bacteria or higher vegetation. Rather, the process can be supposed to be the following. Femic minerals containing Fe and Mn are dissolved by organic acids in the soil. Cations, excluding alkalis, migrate as dissolved complex compounds (cf. Koljonen and Carlson 1975) . Mn-complexes are as stable as Fe-complexes and are broken down, more than Fe-complexes, by oxidation in sediments where the pH is higher owing to the hydrolysis of minerals. The Fe/Mn-ratio in the silicic plutonic rocks of Central Finland is 107 (op. cit., Table 1 ). Fe dominates in groundwater, but the Fe/Mn-ratio decreases because part of the iron is precipitated into sediments and especially into B-horizon in podzol when pH-Eh conditions are suitable for oxidation and precipitation of the iron which is not complex-bound. Fe/Mn-ratio in groundwater is about 25: 1 (Table 3) . Mn migrates in sediments as Mn-+ or as unstable inorganic complexes, e.g., MnHC0 3 + (Hem 1963) . When, suitable pH-Eh conditions allow, Mn is oxidized fast and precipitated, though inorganic processes usually lead to the pre- The profiles show the present ground level and groundwater table and the estimated levels before the removal of sand and gravel. The water table (the height of which naturally varies according to the season) dips along the ridge towards Kokkalammi (cf. broken arrows). Table 2 . Chemical compositions of the precipitates (110°C). 1. Loose, needle-like manganiferous powder accumulated into cavities in gravel (cf. Fig. 5 ). The powder is probably recrystaliized precipitate which has dissolved from the surrounding cement; 2. Hard, manganiferous precipitate which for years has been exposed to air. It forms a horizontal band about 10 cm thick and several meters long on a nearly vertical rock face. The original layer was broken when gravel was removed; 3 a. Hard, aged manganiferous horizon exposed to air high on the wall of the gravel pit above the ferruginous horizon 3 b (cf . Fig. 4) ; 4 a. Loose, manganiferous precipitate recently deposited from groundwater discharge on the bottom of the gravel pit (cf. Fig. 6 Fe may be oxidized later in small rivulets and ponds (Fig. 6 ). This process is especially promoted by organisms that thrive in sluggish water, in sunshine, and under atmospheric conditions.
Possibly the precipitation of Fe is brought about by the decomposition of the organic part of the complex. In waters rich in organisms, Mn seems to migrate easily. In organic-rich milieu Mn is in dissolved form or incorporated into organisms as trace nutrient, whereas Fe is largely removed as hydroxide (cf. Koljonen and Carlson 1975) . If aerated waters are utilized in water supply, Mn is precipitated, harmfully, in wells and in pipes through which water flows fast and where conditions are not favorable for organic life.
AI, Mg, and K, and many trace elements are coprecipitated with oxidates (Table 2) . Fig. 4 . A photo of aged manganiferous and ferruginous precipitates in stratified sand and gravel. Thin horizontal Mn-rich belt of precipitate (black) above thick zone of ferruginous precipitate (brown) on the wall of the gravel pit (the highest position, 340 m in Fig. 3 ) (type a in Fig. 1 and Table 1 ; Nos 3 a and b in Table 2 ). Table 1 ; No. 1 in Table 2 ). The groundwater table was at the level of the zone of precipitates until the utilization of material a few years ago. The precipitation of other major elements as cement is not as conspicuous as that of Fe and Mn because their hydroxides are colorless, and they separate during the process and settle in different sites usually as hydrolyzates.
Experimental
A Philips diffractometer using Mn-filtered Fe-radiation and equipped with a wide-angle goniometer was used to identify the minerals in manganiferous and ferruginous precipitates. Manganiferous samples were scanned from 4 to 90° 20 and ferruginous samples from 4 to 75° at a scanning speed of 1/2° 26/ min. Internal silicion was used as standard and results were recorded as graphs (Figs. 7-10, Tables 5-10).
To concentrate the minerals in precipitates the sample was stirred with water. Three fractions were decanted and dried at 50 O| C.
The finest was mostly amorphous and the coarsest contained disturbing amounts of detrital minerals typical of the surrounding bedrock (quartz, feldspars, mica, etc.) . The middle fraction contained some mica but was used for the mineral analysis since mica does not interfere with the identification.
Dried fractions were ground and a thin film of powder was spread with distilled water on a glass-slide for the analysis. The method may cause preferred orientation and have some effect on the intensities of reflections.
Samples were heated in a Heraeus muffle oven in air for 1-2 h at each temperature. The same material was heated stepwise to facilitate the interpretation of results. Glassslides were then prepared and the minerals identified.
Manganiferous samples
The reflections, usually four, of the manganese oxide <5-Mn0 2 (McMurdie 1944), called manganous manganite (Feitknecht and Marti 1945) as synthetic and birnessite (Jones and Milne 1956) as mineral, were recorded for most of the samples (Figs. 7-10 , Table 5 ). This mineral has been found in Mn-ores, usually as an alteration or weathering product (McMurdie and Golovato 1948; Frondel et al. 1960; Hariya 1961; Larson 1962; Levinson 1962; Sorem and Gunn 1967; Brown et al. 1971) , in marine manganese nodules (Buser and Grütter 1956; Barnes 1967; Cronan and Tooms 1969; Finkelman et al. 1972; Glasby 1972; Finkelman et al. 1974) , and in soils (Jones and Milne 1956; Taylor et al. 1964; Taylor and McKenzie 1966; Taylor 1968) . Jones and Milne who assigned the name found it in a »manganese pan cutting in a fluvio-glacial deposit of gravel» in Scotland and, together with Li-bearing lithiophorite, it is the most common manganiferous mineral found in several different soils in Australia (Taylor et al. 1964) . Birnessite is orthorhombic with a u = 8.54, b 0 = 15.39, and c 0 = 14.26 Å (Giovanoli et al. 1970) .
Natural birnessite always contains small amounts of Ca, Na, K, and other cations. Brown et al. (1971) give the chemical formula as Ca 0 51 Na 0 .54 (Mn 4 + G34 Mn 2+ 0 . 65 ) 0 1U 2.9 H 2 0.
Even small amounts of foreign cations present as weathering products in soils prevent the formation of Mn-oxides which otherwise would crystallize, and favor the formation of birnessite and lithiophorite (McKenzie 1972) . Birnessite crystallizes mostly in alkaline and neutral soils and lithiophorite in acid (Taylor et al. 1964) .
In the samples studied the intensity and et al. (1954) suggest that highly oxidized forms do not give basal reflections (7.2 and 3.6 Å). Bricker (1965) , on the other hand, explained the presence of basal reflections as a function of particle size rather than oxidation state. In this study the variation in particle size explains the greater variation in intensity of basal reflections than of the other two reflections from sample to sample. Taylor et al. (1964) estimate a particle size of c. 0.02 jum for soil birnessite from line broadening of the diffraction pattern. According to Brown et al. (1971) birnessite clusters on colemanite from Boron, California, are made up of thin, slightly bent lamellae, about 0.2 /<m thick at the edges.
Aging, dehydration, and high manganese content clearly improve the crystal structure of the precipitates. The best reflections were found for sample No. 1 (Table 2) , taken from a cavity into which birnessite had recrystallized, and No. 2, which was the hardest cement and which had endured for years, exposed to air. When the content of foreign ions and especially iron increases (Nos. 3 a and 4 a) or the precipitate is young (4 a) the birnessite crystals are small and the basal reflections are poor. Iron apparently impedes crystallization. Remarkably, no iron mineral is observed in manganese-rich cements.
The chemical composition of birnessite varies considerably. In the purest sample (No. 1) Ca was enriched. This supports the chemical formula presented by Brown et al. (1971) , but composition is dependent on the surrounding sediments and in granitic areas potassium predominates over sodium, especially, because potassium is more strongly than sodium adsorbed on colloids (Koljonen and Carlson 1975) . Based on the values recorded in Table 2 , the formula of birnessite may be written as (Ca, K, Na)(Mn, Fe, Al, Mg) t O,4 • n H-, O.
Ferruginous samples
Two varieties of hydrated iron-oxide minerals occur (Rooksby 1972) . These are poly- morphs of monohydrate FeO(OH), goethite and lepidocrocite, the a-and /-ferric oxide monohydrates, respectively. Goethite is the crystal form produced from aging sols and gels of hydrous basic ferric oxide. It is orthorhombic with a" = 4.596, b 0 = 9.957, and c" = 3.021 Å (JCPDS 17-536). Lepidocrocite, which is formed through oxidation of ferrous compounds, is also orthorhombic, with a" = 3.87, b 0 = 12.51, and c 0 = 3.06 Å (Bernal et al. 1959) . Powdered goethite is yellow and lepidocrocite brown. Some modification in intensity of color is attributable to particle size (Birnbaum et al. 1947) , but the shade depends on crystal form alone (Bunn 1941) . In powdered form, the two samples here were yellowish brown (Figs. 9 b and 10 b) and mixtures of goethite (Table 6 ) and lepidocrocite (Table 7) .
Lepidocrocite dominated in sample 3 b. The reflections were sharp and strong (Fig.  9 b) because aged and dried precipitates are better crystallized than newly formed ones (cf. sample 4 b in Fig. 10 b) . The ratio of the intensity of the strongest reflection of lepidocrocite to that of goethite was 1.7 in No. 3 b (Table 2) , while in sample 4 b ( Table 2 ) it was 0.3. The reflections of goethite were broad and diffuse in both samples even though intensities varied. According to Norrish
Tapio Koljonen, Pertti Lahermo, and Liisa Carlson and Taylor (1961) this is typical of soil goethites and not only due to small crystal size but to the superposition of slightly different patterns.
Recrystallization of manganiferous precipitates upon heating
Birnessite is not stable when heated: depending on temperature and the duration of the heating process, it either recrystallizes as cryptomelane (a-MnO : ,) or nsutite (j'-MnO ä ) (Jones and Milne 1956) or decomposes to amorphous form. Synthetic birnessite with low potassium content was found to convert to nsutite on boiling, but cryptomelane (KMn H 0 1(i ) formed when the K content was over c. 1 °/o (Buser et al. 1954) . Birnessite with a potassium content of 9.4 °/o remained unchanged after boiling for 24 h but converted to cryptomelane after being heated for 60 h at 400°C (McKenzie 1971) . The cryptomelane contained c. 7 °/o K, which seems to be the upper limit. The ease with which birnessite is converted to cryptomelane also appears to depend on the crystal form. Needle-like birnessite crystals recrystallized to bigger cryptomelane crystals more easily than platy crystals did.
Platy birnessite crystals gave rise to mixtures: more birnessite than cryptomelane on boiling and more Table 7 . Diffraction data of lepidocrocite according to Rooksby (1972) and as recorded in this study. Determined d-values are from sample 3 b (Fig.  9 b) , and the intensities are based on the areas of peaks in the graph. Table 6 . Diffraction data of goethite according to Rooksby (1972) and as recorded here. Determined d-values are from sample 3 b (Fig. 9 b) , and the intensities are based on the areas of peaks in the graph. Synthetic <5-Mn0 2 crystallized as pyrolusite (/9-MnOg) at 300°C, as bixbyite (Mn 2 0 3 ) at c. 500°C, and as hausmannite at c. 900°C (Klingsberg and Roy 1959). j>-Mn0 2 converted to bixbyite at c. 450°C.
Rooksby
According to McKenzie (1972) , the formation of nsutite and pyrolusite in soils is pre- vented by the presence of foreign ions; large amounts prevent the formation of nsutite and even small amounts the formation of pyrolusite. Heating of pure birnessite produced first nsutite and then pyrolusite, but birnessite containing large amount of cations such as Na, K, Ca, and Ba converted directly to cryptomelane. Hariya (1961) heated natural birnessite for 1 h at 150°C and found that the intensities of X-ray reflections decreased. After 1 h at 300°C the material was almost amorphous.
Hausmannite crystallized at 560°C. In the experiments of Brown et al. (1971) , natural birnessite changed to cryptomelane and then crystallized as hausmannite at 600°C after passing through an amorphous state. Glemser et al. (1961) observed that birnessite containing foreign cations lost water at 110-125°C and converted to cryptomelane at 370-500°C and to bixbyite upon further heating. McMurdie and Golovato (1948) report that cryptomelane may convert directly to hausmannite or go through an intermediate stage of bixbyite because of impurities. Natural cryptomelane was found to convert to bixbyite upon heat treatment for 5 h at 600°C, but not totally (Faulring et al. 1960) . After 17 h at 800°C, bixbyite was the only mineral present. Hausmannite appeared as minor constituent after 1.5 h at 900°C, and was the only constituent at 1000°C when heated 6°/min. After the material had been ignited for 17 h at 900°C, a phase with spinel structure was obtained, and after 48 h at 950°C, spinel with a 0 = 8.42 A was the only mineral observed. McMurdie and Golovato (1948) report a spinel with a 0 = 8.7 A as the inversion product of hausmannite at 1170°C.
The X-ray diffractograms of the heattreated manganiferous samples studied here are set out in Figs. 7-10 and their chemical 128 Tapio Koljonen, Pertti Lahermo, and Liisa Carlson Fig. 9 a. X-ray data of unheated and heated manganiferous precipitate (Table 2, No. 3 a). Symbols as in Fig. 7 . The graphs are explained in text. compositions in Table 2 (Nos. 1, 2, 3 a, and 4 a).
The first mineral to appear was cryptomelane at 200'C. The material at this temperature was probably a mixture containing birnessite. Birnessite is represented by its non-basal reflections of 2.44 and 1.41 Å, the intensities of which decrease upon further heating. In all the samples a broad reflection at 2.39-2.44 Å (cryptomelane 121, d = 2.39 Å) was left after heating 1 h at 400°C. The intensities of reflections of birnessite and cryptomelane were strongest in Nos. 1 and 2 (Table 2) which contain most Mn, indicating that birnessite converts directly to cryptomelane. Cryptomelane decomposed at temperatures between 300 and 500°C and more easily when the content of foreign ions was low.
In sample 3 a (Fig. 9 a) At temperatures above 500°C two minerals crystallized: bixbyite, (Fe, Mn) 2 0 3 (Table  8) , whose composition varies from nearly pure Mn,0 : , to 59 %> Fe 2 0 3 (cubic with a 0 = 9.365 A) and hausmannite (Table 9 ), Mn ;i 0 4 (Fe: Mn = 1 : 23, teragonal with a 0 = 5.75 A and c" = 9.42 A) (Faulring et al. 1960) , which appeared with weak reflections at 560°C and was present until 1050°C. In sample No. 1 (Fig. 7) which contained least Fe (Fe: Mn = 1: 11) hausmannite was the only manganese mineral present. The intensity of reflections increased as the temperature rose, indicating an ordering of structure and growing crystal size. This is in accordance with the observations of Brown et al. (1971) for birnessite containing less than 0.02 °/o Fe, which recrystallized as hausmannite when heated for 2 h at 600°C. In all the samples containing more compared with the amount bixbyite is able to hold.
The last mineral to appear on heating was an oxide with spinel structure. Faulring et al. (1960) report a spinel with a 0 = 8.42 Å which crystallized after cryptomelane was heated for 17 h at 900°C. The spinel crystallized in most samples of this study at 1050°C, but sample No. 2 displayed broad reflections at 900°C, indicating small crystallite size. Spinel had a varying chemical composition and different dimensions for the unit cell depending on the total composition of the sample. The a 0 of sample No. 2 was 8.43 Å.
The color of powdered, untreated samples varied from greyish-black to black, excluding sample No. 2 which was brownish-black. Upon heating they first darkened and were dark black at 500-600°C. Above that temperature they got lighter, becoming greyishbrown. The lightest sample was No. 1 (pure hausmannite) and the darkest No. 3 a (bixbyite dominating), displaying the colors of hausmannite and bixbyite, respectively. With the crystallizing of spinel the samples became darker again. The shade after 2 h at 1050°C was brownish-black to brown, and in sample No. 1 dark red-brown.
Recrystallization of ferruginous precipitates upon heating
According to Rooksby (1972) , goethite begins to decompose in air at c. 250°C and is completely recrystallized as a-Fe 2 0 3 (hematite) when heated 1 h at 300°C in a slow current of air. The change from goethite to hematite is pseudomorphic in character and the transformation thus takes place without entire disruption of the original atomic packing. The crystallite size at 300°C remains so small as to give broadened reflections in Xray patterns.
The broadening is not uniform; reflections associated with planes of atoms suffering least disorganization on transformation are relatively sharp (e.g. 110, 113, 116, and 300) while the others are considerably broadened.
The crystal jize increases rapidly as the ignition temperature is raised, and at 700°C no measurable broadening of reflections remains.
Crystal size is then c. 0.5 um and the color Turkey red. At higher temperatures, 900 c C and above, the crystal size increases several micrometers and the color becomes darker.
When lepidocrocite is heated, j'-Fe 2 0 3 (Rooksby 1972), maghemite (Bernal et al. 1957) , is the first mineral to form.
Lepidocrocite decomposes completely when it is heated 1 h at 300°C; the crystallites formed are extremely small and X-ray reflections appreciably broadened.
Transformation to a-structure occurs totally at c. 400°C (Bernal et al. 1957) . Transformation of lepidocrocite to maghemite is pseudomorphic. The small crystallite size and consequent broadening of reflections as well as lack of ordering of lattice vacancies hinder the detection of most of the reflections (Rooksby 1972).
The changes in X-ray patterns of ferruginous samples as a result of heat treatment are shown in Figs. 9 b and 10 b. The first reflection to appear, at 300°C, was that at 2.51 A (110 of hematite, 313 of maghemite). No other reflections of maghemite could be detected, but three further faint reflections of hematite were detected at 300 and 400°C: 2.69 A (104), 2.20 A (113), and 1.69 A (116). At 700°C the intensity of the reflection of hematite at 2.51 A was still stronger than that at 2.69 A, because the 110-plane (2.51 A) suffers less dis-organization on transformation from goethite structure than the 104-plane (2.69 A) does, and the structure of hematite is still disordered.
The samples heated for 1 h at 900 G C showed perfect X-ray patterns of hematite (Table 10) . At 300°C, the powdered samples turned from their original yellowish color to reddishbrown. The shade deepened as the temperature was raised, so that at 900°C the color was darker than at 700°C.
Conclusions
When the suitable pH-Eh conditions prevail manganese is precipitated with iron from groundwater in sorted sediments. On average, manganese compounds are more soluble than iron compounds, but precipitates rich in manganese are found even in areas where iron predominates in groundwater. In sand and gravel, manganese is apparently removed from solution before iron, even through it needs higher pH-Eh conditions to precipitate. This phenomenon can be attributed to the greater stability of Fe-than Mn-complexes, usually organic, formed in soils (cf. Vasari et al. 1972) . For complex compounds the oxidation and precipitation of iron is much slower than that of manganese; most of it stays in dissolved form when groundwater reaches aerated sites in esker, and precipitates rich in manganese are formed. In the case investigated here the Fe/Mn-ratios in bedrock, groundwater, and manganiferous precipitate were 100, 25, and 0.1, respectively.
In homogeneous sediments, Mn-rich precipitates overlie Fe-rich ones. Possibly this phenomenon could be used as an indicator of sedimentation conditions and of the upper sides of sediments (e.g., in overturned strata in metasediments). Mn-precipitates tend to dissolve once they become buried, however.
In moist sediments, Mn -and under stronger reducing conditions, also Fe -may be partly dissolved and migrate to areas in sediments where oxidizing conditions prevail, for example, to stony clusters in sand, which are aerated especially during dry seasons. 
